Xanthomonas campestris pv. campestris, the causal agent of black rot disease, depends on its type III secretion system (TTSS) to infect cruciferous plants, including Brassica oleracea, B. napus and Arabidopsis. Previous studies on the ArabidopsisPseudomonas syringae model pathosystem have indicated that a major function of TTSS from virulent bacteria is to suppress host defences triggered by pathogen-associated molecular patterns. Similar analyses have not been made for the Arabidopsis-X. campestris pv. campestris pathosystem. In this study, we report that X. campestris pv. campestris strain 8004, which is modestly pathogenic on Arabidopsis, induces strong defence responses in Arabidopsis in a TTSS-dependent manner. Furthermore, the induction of defence responses and disease resistance to X. campestris pv. campestris strain 8004 requires NDR1 (NON-RACE-SPECIFIC DISEASE RESISTANCE1), RAR1 (required for Mla12 resistance) and SGT1b (suppressor of G2 allele of skp1), suggesting that effector-triggered immunity plays a large role in resistance to this strain. Consistent with this notion, AvrXccC, an X. campestris pv. campestris TTSS effector protein, induces PR1 expression and confers resistance in Arabidopsis in a RAR1-and SGT1b-dependent manner. In rar1 and sgt1b mutants, AvrXccC acts as a virulence factor, presumably because of impaired resistance gene function.m pp_642 783..794
INTRODUCTION
Many plant pathogenic bacteria depend on the conserved type III secretion system (TTSS) to deliver effector proteins into plant cells and to promote parasitism (Buttner and Bonas, 2006; He et al., 2004) . Some of the effector proteins were initially identified as products of avirulence (Avr) genes conditioning resistance (R) protein-mediated defences, termed effector-triggered innate immunity (ETI), in plants (Boller and He, 2009; Jones and Dangl, 2006; Zhou and Chai, 2008) . ETI is often associated with the hypersensitive response (HR), a rapid, programmed host cell death at the infection site. However, some effector proteins elicit weak defence responses in the absence of HR, as exemplified by the recognition of the Pseudomonas syringae effector AvrB by the Arabidopsis R protein TAO1 (Eitas et al., 2008) . In addition to ETI, plants are also equipped to perceive pathogen-associated molecular patterns (PAMPs) and to mount immune responses (Bittel and Robatzek, 2007; Boller and He, 2009; Zhou and Chai, 2008) . PAMP-triggered innate immunity (PTI) is often accompanied by the activation of mitogen-activated protein kinases (MAPKs), the production of reactive oxygen species, callose deposition and induced defence gene expression. ETI and PTI activate a common set of gene expression . Likewise, callose deposition occurs during both PTI and ETI (Ham et al., 2007) , suggesting that the two pathways converge before the activation of downstream defence responses. It should be noted, however, that the defence responses are not necessarily responsible for disease resistance. Instead, they often correlate with disease resistance in plants.
Plant-pathogen interactions can be divided into compatible, incompatible and nonhost interactions. Unlike incompatible interactions, which are typically dictated by one or a few R genes specifying strong ETI, compatible interactions do not display visible ETI. However, plants possess a low level of resistance in compatible interactions. This low level of resistance is referred to as basal resistance. In the literature, basal resistance has been used interchangeably with PTI without careful experimental data. It should be cautioned, however, that basal resistance, by definition, is a descriptive term, whereas PTI is a mechanistic term. Recent evidence indicates that weak ETI can play a large role in Arabidopsis basal resistance to the virulent P. syringae strain DC3000 (Zhang et al., 2010) . Nonhost interaction refers to plant resistance to nonadapted pathogens, and PTI and ETI collectively contribute to nonhost resistance (Li et al., 2005; Wei et al., 2007; Zhang et al., 2010) .
The largely overlapping defence responses hinder the distinction between PTI and ETI. However, because ETI is typically triggered by Gram-negative bacterial TTSS effectors, TTSS mutants are useful tools in the dissection of PTI and ETI. In addition, several host proteins are known to play crucial roles in ETI. For example, NDR1 (NON-RACE-SPECIFIC DISEASE RESISTANCE1), a glycophosphatidyl-inositol (GPI)-anchored plasma membrane protein, is required for ETI resistance conditioned by many, but not all, R proteins in Arabidopsis (Day et al., 2006; Tornero et al., 2002) . Likewise, EDS1 (enhanced disease susceptibility1) is also required for ETI specified by some R genes (Aarts et al., 1998) . Furthermore, HSP90 co-chaperones RAR1 (required for Mla12 resistance) and SGT1 (suppressor of G2 allele of skp1) are required to stabilize some R proteins, and rar1 and sgt1 mutants are often compromised in ETI (Azevedo et al., 2002; Hammond-Kosack and Parker, 2003; Hubert et al., 2003 Hubert et al., , 2009 Muskett et al., 2002; Takahashi et al., 2003) . eds1, rar1 and sgt1 mutants are not affected in flg22-induced disease resistance , suggesting that they can be used to differentiate between PTI and ETI.
It is well established that TTSS-deficient strains of P. syringae induce strong defence responses because of the presence of a collection of PAMPs (Hauck et al., 2003; Li et al., 2005) . These defences are largely suppressed by TTSS effectors from the virulent P. syringae strain DC3000 (Hauck et al., 2003; Li et al., 2005) . Many P. syringae TTSS effectors are also capable of inhibiting ETI (Guo et al., 2009) . Artificial inhibition of host defences by transgenic expression of effector proteins often enables P. syringae TTSS mutants to multiply to high levels in plants (Hauck et al., 2003; Kim et al., 2005; Li et al., 2005) . The TTSS-mediated suppression of callose deposition has also been reported for Xanthomonas campestris pv. vesicatoria (Brown et al., 1995) . Therefore, suppression of host defences appears to be a major function of virulent P. syringae and X. campestris pv. vesicatoria TTSS effectors, at least in the early phase of infection. Whether this concept can be generally applied to other pathosystems remains to be determined.
Xanthomonas campestris pv. campestris (Xcc) is a xylemcolonizing systemic pathogen and causes black rot disease on large numbers of crucifers worldwide (Williams, 1980) . Xcc multiplies in vascular tissues after entry into the plant via hydathodes (Hugouvieux et al., 1998; Sun et al., 2006) , which is in contrast with P. syringae pv. tomato, which enters the plant through stomata and causes disease in leaves primarily as a result of mesophyll colonization. Thus, the two pathogens assume completely different life styles which probably involve distinct host responses. Xcc strain 8004 can infect and cause disease symptoms on Arabidopsis plants, making it a useful model for the study of Xanthomonas pathogens. Both syringe infiltration and wound inoculation have been used to study the Arabidopsis-Xcc interaction (Meyer et al., 2005) . Syringe infiltration is an unnatural route of Xcc infection and is generally used to study the bacterial growth of Xcc and defence responses in plants. Wound inoculation mimics natural Xcc infection and is sensitive for monitoring disease symptoms.
In this study, we show that, unlike TTSS-deficient derivatives of P. syringae DC3000, Xcc strain 8004 TTSS mutants appear to induce only weak PTI defence responses in Arabidopsis. In contrast, wild-type Xcc strain 8004 induces strong defence responses, but grows to significantly higher levels than do TTSS mutants. Xcc strain 8004-induced defence responses require RAR1, SGT1b and NDR1, and the rar1, sgt1b and ndr1 mutants are compromised in their resistance to Xcc strain 8004. Furthermore, the Xcc strain 8004 effector AvrXccC confers resistance in WT Arabidopsis plants, but enhances bacterial virulence on rar1 and sgt1b mutant plants. These results collectively indicate that ETI plays an important role in Arabidopsis resistance to Xcc strain 8004, and that some Xcc strain 8004 TTSS effector proteins may contribute to virulence by modulating host processes independent of defence inhibition.
RESULTS

The TTSS of Xcc strain 8004 is required to induce defence responses in Arabidopsis
It is well established that PAMPs from P. syringae trigger strong defences in Arabidopsis, and these defences are largely suppressed by TTSS effectors from virulent P. syringae strains (Clay et al., 2009; DebRoy et al., 2004; Hauck et al., 2003) . Some of the effectors from virulent P. syringae, however, appear to trigger weak ETI that contributes to basal resistance (Zhang et al., 2010) . To determine the role of TTSS from Xcc in triggering Arabidopsis defences in response to this bacterium, wild-type Xcc strain 8004 and its TTSS structural gene hrcV (DhrcV) mutant, which lacks a conserved inner membrane protein of the core TTSS (Wang et al., 2007) , were inoculated into Arabidopsis Col-0 leaves by syringe infiltration. Gene expression [FRK1 (FLG22-INDUCED RECEPTOR-LIKE KINASE1), PR1 (PATHOGENESIS-RELATED GENE1)] and callose deposition, which are defence responses activated during both PTI and ETI, were monitored. Wild-type Xcc strain 8004 strongly triggered callose deposition in leaves at 24 h after inoculation (Fig. 1A) . Surprisingly, the DhrcV mutant strain failed to induce callose deposition above the background level, suggesting that hrcV is required for callose induction. Indeed, when the DhrcV mutant strain was complemented with a plasmid containing the wildtype hrcV gene, callose induction was restored (Fig. 1A) . In addition, the expression of PR1 and FRK1 was induced more strongly by wild-type Xcc strain 8004 than by the DhrcV mutant (Fig. 1B,C) . These findings indicate that TTSS is required for Xcc-induced defence responses in Arabidopsis and, in the absence of TTSS, Xcc PAMPs do not effectively trigger plant defences.
It has been reported that flagellin proteins isolated from different Xcc strains vary dramatically in their capability to elicit FLS2 (FLAGELLIN-SENSITIVE2)-mediated responses in Arabidopsis (Abramovitch et al., 2006; Schwessinger and Zipfel, 2008; Sun et al., 2006) . We investigated whether FLS2 is involved in defence responses and disease resistance to Xcc strain 8004. When infiltrated with Xcc strain 8004, the wildtype and fls2 mutant, Arabidopsis leaves displayed similar callose deposition ( Fig. 2A ) and chlorosis symptoms (Fig. 2B) , and supported similar bacterial growth in leaves (Fig. 2C) . These results suggest that FLS2 does not contribute to Arabidopsis resistance to Xcc strain 8004. It has been shown that the Xcc flagellin amino acid valine-43 is essential for recognition by FLS2, and a Val43Asp substitution renders the flagellin noneliciting (Sun et al., 2006) . We therefore aligned Xcc strain 8004, Xcc B186 (noneliciting) and Xcc B305 (eliciting) flagellin sequences corresponding to flg22. As expected, the Xcc 8004 flagellin 43 amino acid was identical to Xcc B186, but not Xcc B305 (Fig. 2D ), suggesting that Xcc strain 8004 flagellin was not recognized by FLS2.
To further confirm the function of Xcc TTSS in triggering host defence responses, we determined callose deposition in response to two additional TTSS mutants DhrpG and DhrpX (Wang et al., 2007) . HrpG, a two-component system response regulator belonging to the OmpR family, controls the expression of HrpX which is an AraC-type transcriptional activator and regulates the expression of hrp and effector genes. Figure S1 (see Supporting Information) showed that the DhrpG and DhrpX mutants triggered weak callose deposition relative to Xcc strain 8004. Although the TTSS mutant strains induced less callose deposition, they grew substantially less than wildtype bacteria at 3 days post-inoculation (Fig. S2 , see Supporting Information), indicating that the defence responses induced by Xcc TTSS were not sufficient to restrict Xcc bacterial growth in Arabidopsis. 7 CFU/mL at the indicated times. *(t-test, P < 0.05) and **(t-test, P < 0.01) indicate statistically significant differences between the hrcV mutant and WT Xcc 8004. Error bars indicate standard deviations. These experiments were repeated twice with similar results.
NDR1, RAR1 and SGT1 are involved in Xcc-induced defence responses in Arabidopsis, and the callose deposition induced by Xcc is dependent on salicylic acid (SA)
The TTSS-dependent defence responses induced by Xcc suggest an involvement of R proteins that probably recognize some of the TTSS effectors. To further test this possibility, we determined whether the NDR1-, RAR1-and SGT1-dependent defences contributed to resistance to Xcc strain 8004. We inoculated ndr1, rar1 and sgt1b mutants with Xcc strain 8004 at 2 ¥ 10 7 colony-forming units (CFU)/mL. As expected, callose deposition in ndr1, rar1 and sgt1b mutants was substantially reduced relative to Col-0 at 24 h after inoculation (Fig. 3A) . In addition, the PR1 (Fig. 3B,C) and FRK1 (Fig. 3D ) mRNA abundance in Col-0 was significantly greater than that in the ndr1, rar1 and sgt1b mutants at 12, 24 and 8 h, respectively, after Xcc strain 8004 inoculation. The results indicate that NDR1, RAR1 and SGT1b are required for Xcc strain 8004-induced defence responses.
Bacterial growth assays indicated that Xcc strain 8004 bacteria multiplied approximately eight-fold more strongly in the ndr1 mutant ( Fig. 4A ) and four-to five-fold more strongly in the rar1 and sgt1b mutants relative to Col-0 at 3 days post-inoculation (Fig. 4B ). These data demonstrate that NDR1, RAR1 and SGT1 are required for Arabidopsis resistance to Xcc, and suggest that ETI contributes significantly to the resistance.
Microbes can elicit callose formation in Arabidopsis leaves via the SA-dependent pathway (DebRoy et al., 2004) . To determine whether Xcc strain 8004-induced callose formation was dependent on SA, we inoculated the leaves of the SA biosynthesis mutant SALICYLIC ACID INDUCTION DEFICIENT2 (sid2) and wild-type Arabidopsis with Xcc strain 8004. The sid2 mutant showed increased chlorosis following wild-type Xcc strain 8004 inoculation (Fig. 4C) . Consistently, sid2 leaves supported significantly greater bacterial growth (Fig. 4D) . These results are consistent with a previous report (O'Donnell et al., 2003) . Correlating with the increased susceptibility, sid2 leaves showed a 10-fold lower callose deposition compared with Col-0 following Xcc strain 8004 inoculation (Fig. 3A) . colony-forming units (CFU)/mL for bacterial growth assay and 1 ¥ 10 7 CFU/mL for leaf chlorosis assay. Each data point represents three replicates. Error bars indicate standard deviations. **(t-test, P < 0.01) indicates statistically significant differences between ndr1, rar1, sgt1b, sid2 mutants and wild-type (WT) Col-0. The experiments were performed on 5-week-old Arabidopsis leaves and repeated twice with similar results.
RAR1 and SGT1 are required for Xcc effector protein AvrXccC-induced defence responses in Arabidopsis
It has been reported that the Xcc strain 8004 TTSS effector protein AvrXccC triggers ETI in Brassica napiformis (Wang et al., 2007) . We therefore tested whether AvrXccC also triggers ETI in Arabidopsis. AvrXccC is homologous to the P. syringae effector AvrB, which is recognized by the R protein RPM1 and elicits strong HR (Desveaux et al., 2007) . However, AvrXccC is not recognized by RPM1 (Desveaux et al., 2007) . Wild-type Xcc strain 8004 and the DavrXccC mutant were similarly unable to induce electrolyte leakage in Col-0 leaves (Fig. S3 , see Supporting Information), indicating that AvrXccC does not trigger a strong ETI in these Arabidopsis plants. To investigate the function of AvrXccC in Arabidopsis, we inoculated the leaves of wild-type Col-0, rar1 and sgt1b mutants by infiltration with wild-type Xcc strain 8004, the DavrXccC mutant and the avrXccC-complemented (DavrXccCC) strain, respectively. The three strains showed indistinguishable disease symptoms and bacterial growth (data not shown). However, when inoculated by the piercing method, wild-type Xcc strain 8004 induced typical black rot disease symptoms on rar1 and mild symptoms on sgt1b leaves, but was almost symptomless on wild-type Col-0 (Fig. 5A) . The lack of symptoms in leaves pierced with wild-type Xcc strain 8004 was consistent with a previous report (Xu et al., 2008) . In contrast, DavrXccC induced typical symptoms in both Col-0 and rar1, and mild symptoms in sgt1b, whereas the complemented strain was indistinguishable from the wild-type strain (Fig. 5A) . Consistent with the increased disease symptoms in rar1 and sgt1b leaves, the wild-type Xcc strain 8004 grew to higher levels on rar1 and sgt1b leaves (Fig. 5B) . These results are consistent with the notion that ETI contributes to Arabidopsis resistance to wild-type Xcc strain 8004. Interestingly, rar1 and sgt1b leaves inoculated with wildtype Xcc strain 8004 always showed more severe disease symptoms and a greater bacterial population than those inoculated with the DavrXccC strain (Fig. 5A,B) , indicating that avrXccC conferred resistance in Col-0 leaves, but virulence function in rar1 and sgt1b leaves. Consistent with a role of avrXccC in ETI, the DavrXccC mutation abolished Xcc strain 8004-induced PR1 expression during piercing inoculation (Fig. 5C ), indicating that avrXccC is required for PR1 induction. PR1 induction also required RAR1 and SGT1b in plants, further confirming that avrXccC-induced PR1 expression is probably mediated by a single R gene or multiple R genes. However, Xcc strain 8004 failed to induce FRK1 expression and callose deposition when inoculated by the piercing method (data not shown), indicating that Xcc strain 8004 only triggers a subset of defence responses when multiplying within vascular tissue.
To further confirm whether AvrXccC can induce defence responses in Arabidopsis, an oestrogen-inducible AvrXccC transgene was introduced into Col-0, sgt1b and rar1. Homozygous T2 transgenic lines accumulating similar levels of AvrXccC following oestradiol treatment were selected for the experiments (Fig. 5D) . We examined the FRK1 and PR1 mRNA levels and callose deposition in these lines, 12 h after oestradiol treatment without bacterial inoculation. Quantitative polymerase chain reaction (PCR) showed that PR1 gene expression was strongly induced in AvrXccC/Col-0 and mildly in AvrXccC/sgt1b, but not in AvrXccC/ rar1, transgenic lines (Fig. 5E) . The findings further support a role for AvrXccC in ETI induction. However, the expression of AvrXccC failed to induce FRK1 expression and callose deposition in any genetic background tested (data not shown), suggesting that AvrXccC elicits only a subset of defence responses.
DISCUSSION
TTSS is critical for Xcc pathogenicity, and Xcc mutants lacking TTSS are unable to multiply or spread in plant tissues (Qian et al., 2005) . In this study, we showed that, unlike P. syringae TTSS mutants which induce strong defences, the Xcc strain 8004 TTSS DhrcV mutant induced only weak defence responses when FRK1 and PR1 gene expression and callose deposition were examined. Surprisingly, wild-type Xcc strain 8004 strongly induced these defence responses in a RAR1-and SGT1-dependent manner, suggesting that ETI is responsible for Xcc-induced defence responses in Arabidopsis.
It has been reported that the Xcc strain 8004 TTSS effector protein AvrAC has an avirulence function in Arabidopsis ecotype Col-0 by piercing inoculation (Xu et al., 2008) . This is consistent with our findings that Xcc strain 8004-induced defence responses require TTSS in the bacterium and NDR1, RAR1 and SGT1b in the plant.We further showed that the Xcc strain 8004 effector protein AvrXccC, when delivered from the bacterium or expressed as a transgene, induces PR1 expression and confers disease resistance in Arabidopsis.Wild-type Xcc strain 8004 and the DavrXccC strain were indistinguishable in the induction of FRK1 expression and callose deposition, indicating that avrXccC is not required for these responses. It remains to be determined whether other effectors are responsible for the induction of these responses. Nonetheless, these results reinforce the notion that ETI plays an important role in Arabidopsis resistance to Xcc strain 8004.
It is interesting to note that Xcc strain 8004 bacteria induce callose deposition and FRK1 expression only when inoculated through infiltration, but not through the piercing method. One explanation is that endogenous elicitors or damage-associated molecular patterns (DAMPs) released from affected cells (Boller and Felix, 2009 ) could act together with effectors to trigger defence responses. Alternatively, microscopic cell death may occur in infiltrated mesophyll cells, and this may indirectly induce callose deposition and FRK1 expression.
Xcc strain 8004 appears to carry an inactive flagellin sequence for FLS2 recognition. This is consistent with our 8 colony-forming units (CFU)/mL using the piercing method. Disease symptoms (A) were photographed 5 days after inoculation. The bacterial population in leaves (B) was monitored at 0 and 3 days post-inoculation. PR1 gene abundance (C) was determined at 24 h after inoculation. Five-week-old nontransgenic and AvrXccC-transgenic lines in the indicated genetic background were induced by oestradiol for 12 h, and the accumulation of AvrXccC was determined by immunoblot using anti-Flag antibody (D); PR1 gene expression was determined by quantitative polymerase chain reaction (E). *(t-test, P < 0.05) and **(t-test, P < 0.01) indicate statistically significant differences between the avrXccC mutant and wild-type (WT) Xcc 8004. Each data point represents three replicates. Error bars indicate standard deviations. The experiments were repeated twice with similar results.
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findings that the fls2 mutant was not affected in terms of defence responses, disease symptoms and bacterial growth when inoculated with Xcc strain 8004. However, other PAMPs derived from Xcc, including lipopolysaccharides, harpins, cold shock proteins and flagellin, could induce defence responses in host and nonhost plants (Felix and Boller, 2003; Newman et al., 1995; Silipo et al., 2005; Xu et al., 2008) . The Xcc strain 8004 DhrcV mutant, which carries a collection of PAMPs, induced only weak defence responses. This contrasts with the strong defence responses induced by P. syringae TTSS mutants and X. campestris pv. vesicatoria TTSS mutants. Xcc may have evolved multiple strategies to evade PTI in plants. For example, Xcc cyclic glucan and extracellular polysaccharide xanthan act as suppressors of host defences to promote bacterial growth (Silipo et al., 2009; Yun et al., 2006 ). Xanthan appears to be a major virulence determinant which acts by chelating extracellular calcium, thereby inhibiting PTI defences (Aslam et al., 2008) . Pathogen effectors are generally believed to assist pathogen infection or propagation in plants; it is often difficult to demonstrate a virulence function to many effectors. Our analyses using rar1 and sgt1b plants revealed a previously unknown virulence function for AvrXccC in Arabidopsis. As other effectors may similarly possess both avirulence and virulence functions, the use of plant mutants compromised in ETI will allow a better assessment of effector virulence functions.
In conclusion, we have shown that ETI is primarily responsible for defence responses and disease resistance in the ArabidopsisXcc strain 8004 interaction. Although the Xcc TTSS mutants elicit much smaller defence responses than the wild-type bacterium, they do not grow or cause disease in Arabidopsis leaves. In contrast, wild-type Xcc strain 8004 grew to a significantly higher level in the presence of strong defence responses. A major role of virulent P. syringae TTSS effector proteins is to inhibit host defences. It remains to be determined to what extent Xcc strain 8004 effectors assist parasitism by inhibiting host defences. Because Xcc is a vascular pathogen which has a different life style, it is possible that some Xcc strain 8004 effector proteins may promote parasitism through mechanisms other than defence suppression.
EXPERIMENTAL PROCEDURES
Bacterial strains and culture conditions
The strains used in this study included wild-type Xcc strain 8004 (Turner et al., 1984) , DhrcV (Tn5 insertion mutant), DhrcVC (hrcV mutant containing pHMVC), DavrXccC and DavrXccCC (Wang et al., 2007) . Xcc strains were grown in peptone sucrose agar plates at 28°C. Antibiotics were used at the following concentrations: 50 mg/mL kanamycin and 50 mg/mL spectinomycin for Escherichia coli; 100 mg/mL spectinomycin and 50 mg/mL rifampicin for Xcc.
Arabidopsis and mutants
Arabidopsis plants used in this study included the wild-type (Col-0) and the following mutants: ndr1 (Zhang et al., 2010) , sid2-2 (Dewdney et al., 2000) , sgt1b (formerly described as edm1-1; Tor et al., 2002 ), rar1-20 (Tornero et al., 2002 and fls2, salk_141277 (Xiang et al., 2008) .
Callose deposition assay
Five-week-old Arabidopsis leaves were hand infiltrated with an Xcc bacterial suspension at 2 ¥ 10 7 CFU/mL. Leaves were harvested 24 h after infiltration, cleared, stained with aniline blue (Hauck et al., 2003) and mounted in 50% glycerol. The leaves were examined with a fluorescence microscope under ultraviolet light. The number of callose deposits per microscopic field of 0.1 mm 2 was calculated from six leaves using Image J software (http://www.uhnresearch.ca/wcif).
RNA isolation and real-time reverse transcriptase (RT)-PCR
Arabidopsis leaves were infiltrated with an Xcc strain 8004 bacterial suspension at 2 ¥ 10 7 CFU/mL for the indicated times before RNA was isolated with Trizol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. Five micrograms of RNA were used for cDNA synthesis. The gene expression level was determined by real-time RT-PCR using a SYBR Premix Ex Taq™ kit (TaKaRa, Changping, Beijing, China). Actin was used as a reference gene. Primers 5′-TACG CAGAACAACTAAGAGG-3′ and 5′-TCGTTCACATAATTCCCACG-3′ were used for PR1, and primers 5′-TGGTGGAAGCACA GAAGTTG-3′ and 5′-GATCCATGTTTGGCTCCTTC-3′ were used for actin. Primers 5′-TCTGAAGAATCAGCTCAAGGC-3′ and 5′-TGTTGGCTTCACATCTCTGTG-3′ were used for FRK1. The RT-PCR conditions were as follows: 95°C for 10 min, followed by 40 cycles of 95°C for 15 s, 55°C for 15 s and 72°C for 25 s. The expression level was normalized to the actin control, and relative expression values were determined against buffer or wild-type Col-0 using the comparative Ct method.
Bacterial growth assay
Five-week-old Arabidopsis leaves were hand infiltrated with an Xcc strain 8004 bacterial suspension (5 ¥ 10 5 CFU/mL), and the bacterial population in the leaves was counted at the indicated times. Alternatively, 5-week-old Arabidopsis leaves were inoculated by piercing three holes in the central vein with a needle dipped in a bacterial suspension (5 ¥ 10 8 CFU/mL), and the tips of the inoculated leaves were selected for the bacterial growth assay. At least four leaves were inoculated for each strain tested. Each data point consisted of at least six replicates.
Generation of AvrXccC transgenic plants
The AvrXccC fragment was PCR amplified from Xcc strain 8004 genome DNA using the following primers: 5′-CCGCTCGAG ATGGGTCTATGCGCTTCA-3′ and 5′-CCCATCGATAATTGGGGGG CGCTCAAA-3′. The AvrXccC fragment was ligated into pER8 (Shang et al., 2006) that had been digested with XhoI and Csp45I. The resulting clone containing AvrXccC under the control of the oestrogen-inducible promoter was transformed into Arabidopsis (wild-type Col-0 and mutants rar1, sgt1b) by Agrobacterium-mediated transformation. Transgenic plants were selected on Murashige and Skoog plates containing hygromycin. For AvrXccC induction, plants were sprayed with 50 mM oestradiol containing 0.01% silwet L-77. Three independent homozygous T2 transgenic lines were selected for the experiments.
Immunoblot analysis
Protein was extracted with a buffer containing 50 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulphonic acid (HEPES), pH 7.5, 150 mM NaCl, 5 mM ethylenediaminetetraacetic acid (EDTA), 0.1% Triton, 1 mM dithiothreitol (DTT), 2 mM NaF and protease inhibitor cocktail (Roche, Indianapolis, IN, USA). Protein samples were electrophoresed through a 12% sodium dodecylsulphate-polyacrylamide gel electrophoresis (SDS-PAGE) gel, and protein was electrotransferred to an Immobilon P membrane (Millipore, Bedford, MA, USA). Immunodetection was performed with a 1 : 5000 dilution of an anti-FLAG monoclonal antibody (Sigma, Louis, MA, USA). The blot was then hybridized with horseradish peroxidase (HRP)-conjugated secondary antibodies and visualized with ECL Western blotting detection reagents (GE Healthcare, Amersham™, Buckinghamshire, UK).
Electrolyte leakage measurement
Five-week-old Arabidopsis leaves were inoculated with bacteria in water. Immediately after inoculation, 0.7-cm-diameter leaf discs were taken from injected leaves and washed with doubledistilled H2O three times for 15 min each time. Electrolyte leakage was measured using a Seveneasy S30 conductivity meter (Mettler Toledo, Schwerzenbach, Switzerland) according to Torres et al. (2005) . Each treatment consisted of three replicates with four leaf discs per replicate.
SUPPORTING INFORMATION
Additional Supporting Information may be found in the online version of this article: Fig. S1 The Xanthomonas campestris pv. campestris type III secretion system (Xcc TTSS) is required for callose induction. Arabidopsis leaves were infiltrated with the indicated bacterial strains at 2 ¥ 10 7 colony-forming units (CFU)/mL, and callose deposition was examined 24 h later. Average numbers of callose deposits per microscopic field of 0.1 mm 2 are shown below each photograph. 'Ϯ' represents the standard deviations from three replicates. Similar results were obtained in three independent experiments. Please note: Wiley-Blackwell are not responsible for the content or functionality of any supporting materials supplied by the authors. Any queries (other than missing material) should be directed to the corresponding author for the article.
